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I .  INTRODUCTION 

A. Purpose  

The purpose of the Space Flight Operations Memorandum (SFO 

the following: 

1) 

2 )  Pe r fo rmance  of Atlantic Missi le  Range (AMR), Deep Space 
Ins trurnentat  ion Faci l i ty  (DSIF ), Launch Ope r a t  ions 
Direc tora te  (LOD), Ilr'orth American A i r  Defense Command 
(NORAD), and J P L  Launch Checkout Te lemet ry  T r a i l e r  
(LCTT) in t racking and communicating with the spacecraf t .  

Analysis of the scientific te lemet ry  data.  

Pe r fo rmance  of the Space Flight Operations Complex (SFOC). 

3)  

4) Spacecraft  performance.  

5) Orbi ta l  da ta .  

B. General  

Ranger  1:: w a s  launched at 10 hours  4 minutes and 10.26 seconds 
GILZT on 2 3  AuTust 1961, completed 110 orbi ts ,  each of approximately 
90 minutes '  duration, and reentered  the E a r t h ' s  a tmosphere during i t s  
111th orbi t  on 30 August 1961. 

11. SPACE FLIGHT OPERATIONS COnIPLEX 

The Space Flight Operations Complex (SFOC) responded to  the 
highly nonstandard RANGER I mission in a most  sa t i s fac tory  manner .  
After initial acquisition by the DSIF and establishment of the fact  that 
the spacecraf t  w a s  in  a nonstandard Ea r th  satel l i te  orbit, the  DSIF 
attempted t o  t r ack  the spacecraf t  on each visible pass .  The Cent ra l  
Computing Faci l i ty  (CCF) w a s  able to  reduce all usable n e a r - r e a l  t ime  
te lemet ry  data  obtained by the DSIF. The magnetic tapes  of the  te lemet ry  
recorded by the DSIF s i t e s  were  returned to  the DRL at J P L  fo r  reduction. 

111. AMR PARTICIPATION IN TRACKING RANGER 

The AMR w a s  assigned the responsibil i ty of providing J P L  with 
1) orbi ta l  e lements  of the  parking and t r ans fe r  orbi ts ,  2 acquisition 
angles for  DSIF # 1 and # 5 ,  and 3) r a w  data for  the backup ro l e  by J P L .  

::r In i t s  launch configuration, the  Atlas /Agena/Ranger  i s  identified as 
Ranger-1,  NASA Mission P32. The Ranger spacecraf t ,  designated as 
RA- 1, when in successfu l  orbi t  becomes  Ranger I. 
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O N  I N  TRAC 

It is believed that the delay in supplying the  parking o 

the attempt to  form an orb i t  with too f e w  Antigua data.  The computing 

The t r a n s f e r  orb i t  using Ascension data  w a s  delayed by 1) difficulty 
in re ject ing bad data  which w a s  caused by ”beacon-stealing” by the D W P  
ship, 2) poor rad io  da ta  t r ansmiss ion  conditions, and 3) lack of available 
te lemet ry  defining the t i m e  of second Agena burn. 
edited and a n  assumed nominal t ime  of second Agena burnout chosen, a 
good orb i t  resul ted.  

The r a w  da ta  f r o m  AMR rcachcd JPL with v e r y  few t ransmiss ion  
e r r o r s .  
not used by JPL because  of an input e r r o r  in  the 7090. 
data,  however, w a s  used by JPL, in r e a l  t ime  to  compute the init ial  orbit .  

When the da ta  w a s  

Although the Antigua data  had no t r ansmiss ion  e r r o r s ,  it w a s  
The Ascension 

IV.  DSIF PARTICIPATION 
The p r i m a r y  t racking load for  th i s  nonstandard orbi t  w a s  b 

previously planned f o r  such  an  occurrence ,  by the Coldstone Az 
and the Mobile Tracking Station. The  Woomcra and Johannesb 
were  secu red  for the f i r s t  day as soon as it  became apparent  tha 
c raf t  was  in a n e a r - E a r t h  orbit .  The major i ty  of the  p a s s e s  a t  t 
were  e i ther  in an area where the antenna could not t rack  or whe 
c rossed  at angular  r a t e s  that  exceeded the capabili t ies of the stations.  
The  Az El mounted antennas at Goldstone and the  Mobile Tracking Station 

necessa ry  to obtain t racking da ta  for o 
A f t e r  the  orb i t  had b e m  determined, the Johannesburg 

Stations w e r e  put back in  operation and obtained valuabl 
many orb i t s .  Table I1 p re sen t s  the possible view per io  

s ta t ions  and the per iods which w e r e  t racked by the DSIF. 
eempts to t r a c k  w e r e  made on G O  orbi ts ,  most  of which were  

ful it is meant that  e i ther  s o m e  position o r  te le -  
s obtained. 
rates that w e r e  experienced because of the  

The DSIF did bet ter  than expected 
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IV. DSIF PARTICIP TION (coyrr ID) 

On Orbit  30, 25  August, the Goldstone Az El Station t ransmit ted 
the Antenna Switch-Over Command, switching the t ransponder  from the 
high-gain antenna to the  omniantenna. 
command w a s  t ransmi t ted  twice by Goldstone switching the t ransponder  
back and forth between the omniantenna and the high-gain antenna. 

On Orbi t s  46 and 47, 26 August, the Hinge Overr ide  Command 
w a s  t ransmit ted by the DSIE' 2, Goldstone TIA Dec Station. 
2 6  August, the Roll Overr ide  Command w a s  t ransmi t ted  by this station. These 
commands were t ransmi t ted  p r imar i ly  to t e s t  th i s  s ta t ion 's  backup capability. 

Africa on subsequent orb i t s ,  Orbit  61, 27 August, w a s  the last  orbit  during 
which the t ransponder  s ignal  and the h igh- ra te  te lemet ry  were  observcd.  
'The majori ty  of the  t ime,  all s ta t ions had becn t racking the t ransponder  
s ince  only the low -rat<'  t e lemet ry  had been available on the beacon. 

On Orbit 91, 29 August, W-oomc)ra attempted the first t r ack  of the 
day with negative resu l t s .  
the  day but nvither the t ransponder  nor  beacon frequcncies were  heard .  
It w a s  concluded that thc  heacon power supply had failed. 
w a s  secured .  

Two t empora ry  modifications were  made to the Woomera, 
Johannesburg, and Goldstone HA Dec Stations to  inrrcase the i r  t racking 
capabili t ies;  1) the servo hydraulic sys t em w a s  re-plumbed to take  out 
the anti-backlash feature ,  thereby increasing the  tracking r a t e  capability 
f rom lo p e r  second to 1. 5" p e r  stlcond with reduced t racking accuracy,  
and 2 )  the r ece ive r  rc>ferencc channel w a s  connected to the 6-foot calibration 
dish that is mounted on the s i d e  of thc> main antenna. 
cation reduced the s y s t e m  gain by 20 db, i t  iricreascd the beam width to 
10 degrees  but left the  t racking beam width a t  approximately 1 degree.  

On Orbit  31, 25  August, th i s  

On Orbit  49, 

Except for  sho r t  intcrvals,  while Itanger I w a s  passing over  South 

A s e a r c h  w a s  made by a l l  s ta t ions the r e s t  of 

The DSIF 

Although this  modifi- 

V.  LOD PISnTICIPATION 
'I'hc. LOD microlock t racking station at Capc Canaveral  supplied, 

LOD a l so  recorded cer ta in  
in addition to  launch data,  ont-way doppler data  for  all pas ses  within 
the i r  line of sight through 30 August 1961. 
t e lemet ry  data  on magnetic tapc. 

VI. NORAD PARTICIPATION 

Rariger I and thc  Agena were skin- t racked throughout thc i r  l ifetimes 
The KORAI) Trinidad Station t racked by the t racking facil i t ies of NORAI). 

f ro  m 1 au nc h and p r o m pt 1 y s u p  p 1 i ed d a t  a ind i c* at i ng that s pac c c raft - Ag en a 
separat ion had occurred .  Ntcr  loss of communication with Flanger I by 
the DSIF on 29 August 1961, skin- t racking was continued by NORAD. 
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V i .  

VI1 * 

VIII. 

NOXAD PARTICIPAT1ON {CONT 'D) 

NOltAn has  indicated thst  Ranger  I reentered  the Earth's ;x.tmosphcre 
on Orbit  11 1 which wos:d lin're been completed a t  approximjtely 0300 GM't', 
30 August 1961. 
Laredo, Texas site a t  app,-o::;rnc.te!y 0830 G M T ,  30 AtJgust 1961. At 
thst timtil Ranger  1's altitude w a s  estimated at a,~pvoximately 70  s ta tute  
m'lcs ahore the E a r t h ' s  surface. 

The last contact made with Ranger I W H ~  Sy NOZAD's 

Althodgh i t  hzd not b t e n  2 l a n n d  50 use  the LCT'S to t rack  beyowl 
the l a i n z h  pIiaso, a rnii.mii!n c rew maintained a cantinuing effort f rom 
i a i n z h  ihrmg'n the ea r ly  h o J r s  o f  27 August 1931. Adilitionally, one 
cornm: 21-1 WAS sent  l o  the s p i - e c r a f t  by the LCTT, successfully effecting 
antenna charigEh3-Je3; rrom omrii- to high-gain. 

s c I E N 1-1 F IC -r E m ME r RY 

All the Channel €3-13 33ita from iWIl<, Goldstone, a n d  WoD,mt-*ra 
Reduction of has  b::r;.n r t v l ~ i ~ ~ c d  a n d  distrihutcd to thf' txpcrimt>n:ers.  

data f r o m  31 TS and Channels  13-10, 13- 11, a i 3  R-12 ria3 not yet becn 
c om 11 let eJ . 

Data -4i i f  om.Ltion Systcm. 
the fo11owing minor  exceptions: 

This sys t em op? ra t ed  cor rec t ly  w i t h  

1) 'I'hcre w a s  an occasional complete reae t  of all data  
r e g  i s l  c' r s bet w c> t 'ii s u c' c c s s ivct p 2 s s os  - - pc rh ap s c a u  s ed by s p 3c c craf t  
I-, 3 n r c : r  t r ans  icn t s . 

2) T h e r e  was an 3ci:a;lonal p rogram r e s e t  within the 
DAS (i .e. , i t  w,,dld start a new framt? withoJt finishing the one i t  w a s  on) 
of und e te r mi ned origin.  

3) T h e r e  w a s  an  occasional addition of 32 c o d n t s  to Ihc3 
frame - co Jnt regis t t' r be tw 2 m  p3s  ses. 

4) Ti-icrc &:is 8.1 occasional m'ilfunction of the ion charniter 
t imt* reg is te r ,  probably caused by noise. 

Ion Charniwr, T r ip l e  Caincidence Tekscopes ,  Gold Silicon 
Detector,  and Geiger  Tub.. . 
as e x p x t e d  in the satel l i te  environrnt.nt. 

All ap?,c.ared to have opprated ap?raximr, tely 

Ca-frn'uin Sulfide Detectors  R an3 C. 
identical in ionstruction, location, and view angle- -differing only in that 
Detector C h2s a rn,?gnetic: b r a o n  f'3: preventing lonr cnergy e lec t rans  f rom 

Thcse detectors art7 nzar ly  

17 
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being :ai ned. Thus,  Detcctor  €3 sho_zld r w n t  a t  a r a t c  equal t o  o r  g r e a t e r  
th i* i  nf.!:eCtQr C ,  howcwer, D+.ltector C co:isistently hx3 thy mlich high 
coa l  in2  ratt.. Til t  da ta  a .,urrently being studied in detail  to  t r y  to 
find a n  explanation of th i s  sc r t lpmcy.  T h r r e  w21j a 1jim:lar, but 
sma l l e r ,  discre2anc.y be?wc>chn Dcltclctors A and D. 

M’c:romr.teorite D -4cbctora. Anomalously high cocln:ing rates 
w e r t  ofteii -rc,ordcd by thc light flash de tec to r  when the spacecraf t  w a s  
in thc 3-inligiit. 
and / o r  E a r i h  Iigiit. 

This  .s ,).-csiimiibly due to d i rec t  o r  reflected sunlig!it 
‘I’he iiistrLirnt.+it o;>:lraled cor rec t ly  w!inn in the dark.  

E l c ~ < x t r ~ : j : - ~ ’ i ~  Analyzers.  Tiic.sc appc’ar to have operated n3rma’ly. 
IIoivc>vcr,  thc  data  arc’ vtr-y abnJ>,-mal, prdbably due to the preseilce 
of thc. :onosphrrc~. X I i i c - h  m t ) r t  study of the data is req.iirt-cl. 

Lyman Alpha ‘I‘r>lcsco;).?. Part or all of fo_zr pictures  and  seve ra l  
in-  flight cal ibrat ions w’eL-ta ob,:;t~rvcd as w c l l  a s  backgroclnd mt>asurt?mc>nts 
of Lym< n Alpha intcnsity.  
m.~lfurirtion. 

Tricxre a r c  no indica’ions to  date  of any 

ill qpctomt7ter .  N- I  .n.tgnctic fietd dxta were 95tainc:d, bDth bccause 
the E a r t h ’ s  fic.ld at thcl Rangt.r I altitudj,-. W , L S  higher thqn c o ~ l d  be m t ~ a s ~ r e d  
with th i s  c?c,o~:rimt~nt and bcaa i s?  th:. magnetomc.ter ternt’eratut-e w a s  us:i;illy 
outside the oppratioiiql range'. 

V e 1 a 14 o t c I. ‘Ti1 i s r> x 1) c j  r i m P n t ap ;) a r c.. n t 1 y op e r a  t ed c o r r e c t 1 y w!i P il 
the Vela Hotel solar px ic l s  rcccived e;lou,sh sunlight. 
t0.0 sha r t  to obtain any usc>fui da ta .  

&lost p a s s e s  wcre  

IX. S P A Z E G R A F T  PERFORMANCE 

P r e s e n t  knowledge of the sp3cecraf t  performance indicates that 
sep2ra‘ ion from the Agena appclars to have been normal .  

The spacecraf t  cont ro l le r  command 3 W::A-C all executed. The 
exact t imes  a r e  not known bJt  t he re  i s  no ren3on t o  believe the timt.s 
were  not n3rnlnal. 

The folloNing infiications of a malfunctio-i w ? r s  noZe3: 

1) The  att i tude co.itro1 co i lv t r te r  voltage nn .;iir;.iremcnt 
w a s  at z e r o  ( 0 )  volts.  

2) The s u n  s e n s o r  and light de tec tor  oJtputs w e r e  at 
zero,  substantiating the ab3g.e. 

18 



IX. SPACECRAFT PERFOEZXIiIXCE (CONT'D) 

3) The r a t e  gyro mt~asuremr-lnts had slightly more  
than twJ spikes  pe r  second. 
to  have re turned  to normal  by the first pass on 2 5  August 1961. 

The attitude control converter  ap>;.ared 

The att i tude control sys t em was inoperative on 24 August. 
While it was apparent that the attitud-3 control gas  was exhausted by 
25  Augud,, i t  w a s  suspectcti that il had been exhausted by 24 August. 
Because of thc a5o;c renditions, t h e w  were  no Dp2,ortunities to 35sorve 
the attitude contra1 systt.m in action a f te r  thc f i r s t  d2y or the m'ssion. 
An attempt i s  htsmg matlr. to de te rmine  i f  th? att i tude conl-ral performance 
was normal  for a Ranget. s p i c e c r a f t  in a nea r -Ea r th  satel l i te  orbit .  

The  communication sys t cm functions appear  to have been 
qual .f ative!y i iormA. The  radio command to  t r ans fe r  f rom [he  arnni- 
anteiiita opprcttion to high-gain antenna operation w a s  sent  f o x -  t imes 
and was sscct7ssful each timcx. All comin,inl-ls were  sen t  by Goldstone 
except th-. one sent  by thr. JPL TLCTT. 

Spacecraft  t emlwra tures  appear  to have been normal  f o r  a 
s * x c e c r a f t  on th i s  orbi t .  

The  s o l a r  p m e l s  and the Solar  CoFpJscular Radiation bo3m 
were extended successful ly .  This is deduced f rom ihe tempera ture  
and solar p . 1 ~ 1  cu r ren t s  data s ince the blip channel w a s  inconclu-l J ve. 

The friction experimtlnt w a s  turned on an3 operated fo= 17 hoJ r s .  
Data was received an13 is being analyzed. 

ESTIMATION OF THE ORBIT OF RANGER 1 X. 

Table  I11 p resen t s  the orb i ta l  p a r a m r t e r s  for  Ranger I. Tnese,  
not the best possible,  a re  the best  obtainable using the Orbi t  Determination 
P r o g r a m  tODP) fo r  RA-1 and 2 with angle data only. 
for  dse wjth deep space  probes  s i m i l a r  to the RA-1  s tandard t ra jec tory ,  
lacks cer ta in  fea tures  which are mandatory for  the determlnatio;l of orb i t s  
of low-altitude sa te l l i t es .  Coxsequently, D r .  J .  W. Siry of Goddwd Space 
Flight Center has  been requested to de te rmine  the final orbi t  of Ranger I, 
using the techniques he  has developed for this p.irpose. 
will not be expended at JPL in this  area. 

The ODP, designed 

F u r t h e r  effort 

The la rges t  soJrce of e r r o r  in the orb i ta l  paramt.ters fodnrl in 
Table 111 is due  to the pxclusion of any type of d rag  effect which would 
compensate for that experienced by the spacecraf t  during the decay of 
its orbit .  
each excursion about the ear th ,  and necessa ry  to minim z e  the number 

This  fact makes it des i rab le  to rede termine  the orbi t  for 

1.9 



solJrCe D f  e r r a r  is du12 to the inherent difficulties experienced by the 
DSIF whel i  at tempting to  t rack  Ranger I. 
s ignal  cogpled with the high frequency and angular  r a t e s  (conditions 
for  which the DSIF antennas w e r e  not designed) made it extremely 
difficult to obtain good t racking da ta  during eve ry  view period and 
not to t rack  s ide  lobes. 

The overwhelmlngly powerful 

Cornpramising these factors ,  a new set of orbi ta l  paramtl ters  
i s  given for  ea;:ii day Ranger  I w a s  t racked .  
chosen to  be just p r i o r  to the s t a r t  of the s e t  of new periods at  Woomcra.  
The orbi t  defined by these pa ramvte r s  should not. be used beyond th? 
last  new period at. Sliuth Africa.  Thus,  each orbi t  i s  designed t o  be 
applicable for approxim;itely 14 hours .  Clear ly ,  as timt. moves away 
fro-n tiit: epoch of injection on each day, the spacecraf t  orbi t  decays 
fur ther ,  and the orbi t  dqtermined by the orbi ta l  paramt.ters in Table LII 
dcgencrates .  

The epoch on each day was 
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